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Abstract  –  Huygens dipole and multipole antennas are briefly reviewed. These electrically small 
systems provide enhanced directivity, a feature highly desired for current and future wireless 
platforms. The design, simulation, fabrication, and measurement results for the Huygens dipole 
antennas are discussed. The Huygens multipole antenna concepts are described. These brief 





Electrically-small antennas (ESAs) have drawn much recent attention. Their compact structures are preferred 
for wireless devices. Much progress has been made for practical applications, including RFIDs [1], wireless 
biomedical systems [2], and wireless power transfer (WPT) [3]. Nevertheless, the demand for ESAs that attain 
outstanding performance characteristics continues unabated. 
One area of practical interest, particularly for the next generation (5G) of wireless systems, is highly directive 
antennas. Unlike most ESAs which radiate dipole-like radiation patterns with low gain and front-to-back ratios 
(FTBRs), Huygens dipole ESAs have been demonstrated that are compact, low-profile, and able to generate 
broadside radiation patterns with good FTBRs, wide beamwidths, linear or circular polarization, high radiation 
efficiencies, and large bandwidths. Many of these desirable performance characteristics have been demonstrated 
[4]-[7]. It has been demonstrated recently that needle-like radiation is possible from electrically small systems 
with combinations of Huygens multipole elements [8]. This combination of higher order modes (HOMs) 
achieves high directivity with low sidelobes and large front-to-back ratios (FTBRs). Most recently, it has been 
demonstrated that multi-layered electrically small structures can simultaneously support these HOMs to achieve 
high directivities [9]. Progress in highly directive electrically small platforms will be reviewed in the 
presentation.  
 
II. HUYGENS DIPOLE ANTENNAS 
 
An electrically-small Huygens circularly-polarized near-field resonant parasitic (NFRP) antenna and its 
performance characteristics were presented in [7]. They were verified with measured results. Circularly polarized 
performance was attained by integrating the NFRP electric (Egyptian axe dipole, EAD) and magnetic 
(capacitively loaded loop, CLL) elements as shown in Fig. 1a. The fabricated prototype is shown in Fig. 1b. The 
measured cardioid pattern in the principal left-hand CP (LHCP) state is compared to the non-excited right-hand 
CP (RHCP) state in Fig. 1c.  
To realize its unique CP cardioid-shaped radiation characteristics in a compact structure, the illustrated 
crossed-dipole configuration was employed. The EAD (CLL) elements act as the orthogonal electric dipole 
(magnetic dipole) radiators. Balanced broadside-radiated electric and magnetic field amplitudes with the 
requisite 90° phase difference between them are realized by exciting these two pairs of electric and magnetic 
dipoles with a specially designed, unbalanced crossed-dipole structure. The electrically small (ka = 0.73) 
prototype operated at 1584 MHz with a 0.6 dB axial ratio and was low profile, 0.04 λ0. The measured HCP peak 
realized LHCP gain was 2.7 dBic and the associated front-to-back ratio was 17.7 dB.   
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Fig. 1. Huygens circular polarized antenna. (a) HFSS model. (b) Fabricated prototype. (c) Measured realized 
gain patterns of both the excited left (LHCP) and unexcited right (RHCP) hand polarization states. 
 
 
III. HIGH DIRECTIVITY WITH HIGHER ORDER HUYGENS MULTIPOLES  
 
For nearly a century, the concept of “needle radiation” has captured the attention of the electromagnetics 
communities in both physics and engineering for nearly a century [10]. While it is well-known that 
superdirective  solutions exist and can suffer ill-posedness issues in principle, the concept of combining Huygens 
higher order multipoles suggests that needle-like directivity can be obtained even with an electrically small 






The outcome for N = 1 (dipole only), 2 (dipole and quadrupole), and 5 (dipole to pentapole) is shown in Fig. 2, 
both in a linear and in a dB scale. The increasingly directive result is clear in Fig. 2a and the lack of sidelobes 

















Fig. 2.  Directivity patterns attained with N Huygens multipoles. (a) Linear scale. (b) dB scale. 
An example to illustrate how such a HHOM configuration could be achieved in shown in Fig. 3. As Fig. 3a 
shows, an electric dipole and a loop antenna are combined to form the electrically small (at 300 MHz) Huygens 
dipole pair (center) and two Huygens quadrupole antennas (outside pairs). Each quadrupole system is achieved 
with two pairs of Huygens dipole pairs excited with opposite current directions. From the 3D directivity pattern 
in Fig. 3b, the peak directivity is 6.3, which nearly recovers the ideal value shown in Fig. 2, 6.6. The symmetry 








Several features of realized Huygens dipole antennas were described. They will be emphasized in the 
presentation. The Huygens higher order multipole systems were reviewed. An example of an approach to realize 
such an antenna system was given. The multi-layered metamaterial-inspired structure [9] will be highlighted in 
the presentation.  
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